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(73) ASSigneeI NSCOre IIIC- control the gate node and second source/drain node to make a 

lingering change in a threshold voltage of the MIS transistor 
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_ to store data responsive to Whether a lingering change in the 
(22) Flled: Feb‘ 18’ 2009 threshold voltage is present, Wherein the MIS transistor 

_ _ _ _ includes diffusion regions, a gate electrode, and sidewalls, 
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(51) Int, Cl, regions is positioned under the gate electrode, and a lateral 
G11 C 11/34 (200601) boundary of a depletion layer in the diffusion region serving 
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MIS-TRANSISTOR-BASED NONVOLATILE 
MEMORY CIRCUIT WITH STABLE AND 

ENHANCED PERFORMANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The disclosures herein generally relate to a memory 
circuit, and particularly relate to a nonvolatile memory circuit 
Which is capable of retaining stored data in the absence of a 
poWer supply voltage. 
[0003] 2. Description of the Related Art 
[0004] Conventionally, a nonvolatile memory cell requires 
a special structure such as a ?oating gate or a special material 
such as a ferroelectric material or ferromagnetic material for 
the purpose of achieving nonvolatile data retention. There is a 
neW type of nonvolatile semiconductor memory device called 
PermSRAM, Which uses a MIS (metal-insulating ?lm-semi 
conductor) transistor as a nonvolatile memory cell (i.e. the 
basic unit of data storage). The MIS transistor used as a 
nonvolatile memory cell in PermSRAM has the same struc 
ture as ordinary MIS transistors used for conventional tran 
sistor functions (e.g., sWitching function), and do not require 
a special structure or a special material as described above. 
The absence of such a special structure and special material 
offers an advantage in cost reduction. PermSRAM Was ini 
tially disclosed in PCT/JP2003/0l643, Which Was ?led on 
Dec. 17, 2003, the entire contents of Which are hereby incor 
porated by reference. 
[0005] PermSRAM is con?gured such that the MIS tran 
sistor used as a nonvolatile memory cell experiences an irre 
versible hot-carrier effect on purpose for storage of one-bit 
data. Here, the irreversible hot-carrier effect refers to the 
injection of carriers into the insulating ?lm (i.e., oxide ?lm) 
and/or sideWalls, Which causes a change in the transistor’s 
threshold voltage. Whether the threshold voltage has been 
changed due to a hot-carrier effect represents one-bit data “0” 
or “1”. Such a change in the threshold voltage may be 
detected by sensing a difference in ON current betWeen the 
nonvolatile-memory-cell MIS transistor and a reference MIS 
transistor by using a sensing circuit such as a latch circuit. 
[0006] In PermSRAM, data supplied from an external 
source may be initially Written to the latch circuit. A store 
operation is then performed to transfer the data from the latch 
circuit to the nonvolatile-memory-cell MIS transistor. 
Whether the nonvolatile-memory-cell MIS transistor experi 
ences a hot-carrier effect in the store operation depends on 
Whether the data stored in the latch circuit is 0 or 1. A recall 
operation is subsequently performed to read the data stored in 
the nonvolatile-memory-cell MIS transistor. If the nonvola 
tile-memory-cell MIS transistor has experienced a hot-carrier 
effect in the store operation, an ON current smaller than the 
ON current of the reference MIS transistor may be detected in 
the recall operation. If the nonvolatile-memory-cell MIS tran 
sistor has not experienced a hot-carrier effect in the store 
operation, an ON current larger than the reference ON current 
may be detected in the recall operation. The latch circuit may 
be used as a sense circuit to sense such difference in ON 
current, and latches data that is either “0” or “1” depending on 
Whether the ON current of the nonvolatile-memory-cell MIS 
transistor is larger or smaller than the reference ON current. 
[0007] Carriers trapped in the insulating ?lm and/or side 
Walls of a MIS transistor due to a hot carrier effect include 
both electrons and holes. In general, an electron having 
enough kinetic energy in a semiconductor material can knock 
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a bound electron out of its bound state to create an electron 
hole pair. This phenomenon is knoWn as impact ioniZation. In 
a case of an NMOS transistor, hot electrons having high 
kinetic energy ?oWing through a transistor channel from the 
source to the drain cause impact ioniZation to occur at the 
channel/drain junction to create electron-hole pairs. Such 
impact ioniZation also occurs in a PMOS transistor. That is, 
holes having high-kinetic energy causes impact ioniZation at 
the channel/drain junction of a PMOS transistor to create 
electron-hole pairs. 
[0008] Carriers trapped in the side Walls are generally more 
sustainable than carriers trapped in the insulating ?lm. That 
is, carriers trapped in the sideWalls tend to stay trapped longer 
than carriers trapped in the insulating ?lm. For the purpose of 
thus retaining nonvolatile data, it is preferable to have a large 
number of carriers trapped in the sideWalls rather than to have 
a large number of carriers trapped in the insulating ?lm. 
[0009] There is thus a need for PermSRAM that is con?g 
ured to induce the trapping of carriers in the sideWalls. 

SUMMARY OF THE INVENTION 

[0010] It is a general object of the present invention to 
provide a memory circuit that substantially eliminates one or 
more problems caused by the limitations and disadvantages 
of the related art. 

[0011] Features and advantages of the present invention 
Will be presented in the description Which folloWs, and in part 
Will become apparent from the description and the accompa 
nying draWings, or may be learned by practice of the inven 
tion according to the teachings provided in the description. 
Objects as Well as other features and advantages of the present 
invention Will be realiZed and attained by a memory circuit 
particularly pointed out in the speci?cation in such full, clear, 
concise, and exact terms as to enable a person having ordinary 
skill in the art to practice the invention. 

[0012] According to one aspect, a memory circuit includes 
a latch having a ?rst node and a second node to store data such 
that a logic level of the ?rst node is an inverse of a logic level 
of the second node; a MIS transistor having a gate node, a ?rst 
source/drain node, and a second source/drain node, the ?rst 
source/drain node coupled to the ?rst node of the latch; and a 
control circuit con?gured to control the gate node and second 
source/drain node of the MIS transistor to make a lingering 
change in a threshold voltage of the MIS transistor in a ?rst 
operation and to cause the latch in a second operation to store 
data responsive to Whether a lingering change in the threshold 
voltage is present, Wherein the MIS transistor includes diffu 
sion regions formed in a substrate; a gate electrode; and 
sideWalls, Wherein a metallurgical junction of each of the 
diffusion regions is positioned under the gate electrode, and a 
lateral boundary of a depletion layer in one of the diffusion 
regions serving as a drain is positioned under a corresponding 
one of the sideWalls in the ?rst operation. 

[0013] According to at least one embodiment of the present 
invention, a metallurgical junction of each of the diffusion 
regions is positioned under the gate electrode. Such a con 
?guration ensures that the threshold voltage of the transistor 
is rather stable against manufacturing variation. Further, a 
lateral boundary of a depletion layer in one of the diffusion 
regions serving as a drain is positioned under a corresponding 
one of the sideWalls in the ?rst operation. With this con?gu 
ration, hot carriers generated by impact ioniZation at the 
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drain/channel boundary are easily injected into the sidewall, 
thereby achieving a large, sustainable change in the transistor 
characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompanying 
draWings, in Which: 
[0015] FIG. 1 is a circuit diagram shoWing an example of 
the con?guration of a PermSRAM memory circuit; 
[0016] FIG. 2 is a cross-sectional vieW ofan NMOS tran 
sistor shoWn in FIG. 1; 
[0017] FIG. 3 is a cross-sectional vieW of the NMOS tran 
sistor shoWn in FIG. 1 When the gate node is set to a potential 
for causing a hot-carrier effect; 
[0018] FIG. 4 is a draWing shoWing -manufacturing varia 
tion in the characteristics of a transistor in Which metallurgi 
cal junctions are not situated under the gate; 
[0019] FIG. 5 is a draWing shoWing manufacturing varia 
tion in the characteristics of a transistor in Which metallurgi 
cal junctions are situated under the gate; 
[0020] FIG. 6 is a draWing shoWing a process of performing 
ion implantation to create diffusion regions; 
[0021] FIG. 7 is a draWing shoWing a process of performing 
ion implantation to create diffusion regions for the transistor 
shoWn in FIG. 2; 
[0022] FIG. 8 is a block diagram shoWing the con?guration 
of a nonvolatile semiconductor memory device; 
[0023] FIG. 9 is an illustrative draWing shoWing connec 
tions betWeen memory cells and a Write ampli?er, a sense 
ampli?er & column selector, and a roW signal driver shoWn in 
FIG. 8; and 
[0024] FIG. 10 is a cross-sectional vieW of a variation of the 
NMOS transistor shoWn in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] The disclosures herein are directed to PermSRAM. 
Namely, the memory cell transistors are MIS (metal-insulat 
ing ?lm-semiconductor) transistors that have the same struc 
ture as ordinary MIS transistors used for conventional tran 
sistor functions (e.g., sWitching function). These memory cell 
transistors use neither a special structure, such as a ?oating 
gate, nor a special material, such as a ferroelectric material or 
a ferromagnetic material. These MIS transistors are con?g 
ured to selectively experience a hot-carrier effect on purpose 
for storage of data. The hot-carrier effect leaves an irrevers 
ible lingering change in the transistor characteristics to the 
MIS transistors. A change in the transistor characteristics 
caused by the hot-carrier effect achieves nonvolatile data 
retention. 
[0026] In the folloWing description, NMOS transistors are 
used as an example of the nonvolatile-memory-cell MIS tran 
sistors, but such examples are not intended to be limiting. 
PMOS transistors may alternatively be used as nonvolatile 
memory-cell transistors. 
[0027] FIG. 1 is a circuit diagram shoWing an example of 
the con?guration of a PermSRAM memory circuit. A 
memory circuit shoWn in FIG. 1 includes an inverter 11, an 
inverter 12, an NMOS transistor 13, and a constant current 
source 14. The NMOS transistor 13 is a nonvolatile-memory 
cell MIS transistor. As Will be described later, the NMOS 
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transistor 13 is con?gured such that the metallurgical junction 
of each drain/ source region With the channel is situated under 
(immediately beloW) the gate electrode. The NMOS transis 
tor 13 is further con?gured such that the end of the depletion 
layer inside the drain region is situated under (immediately 
beloW) the sideWall When the drain node is set to a predeter 
mined potential for causing a hot-carrier effect. 

[0028] As shoWn in FIG. 1, the gate node of the NMOS 
transistor 13 is coupled to a Word selecting line WLW. One of 
the source/drain nodes of the NMOS transistor 13 is coupled 
to a plate line PL, and the other is coupled to an electrical node 
C. A PL-line bias circuit 16 applies a bias voltage to the plate 
line PL. One end of the constant current source 14 is coupled 
to the plate line PL to supply an electric current to the plate 
line PL. The other end of the constant current source 14 is 
coupled to an electrical node /C (the symbol “/” preceding 
another symbol indicates an inverse of the latter symbol) to 
draW an electric current from the electrical node /C. 

[0029] A latch (?ip-?op circuit) 15 is formed by the invert 
ers 11 and 12, each of Which has the output thereof coupled to 
the input of one another. When the latch 15 is activated, the 
electrical node C and electrical node /C are set to respective 
logic levels that are an inverse of each other. 

[0030] In the memory circuit having the above-described 
con?guration, the NMOS transistor 13 is designed to operate 
With a poWer supply voltage of 1.8 V, for example. Namely, 
When this transistor is driven With a voltage no greater than 
1 .8 V, a change in the characteristics due to a hot-carrier effect 
does not occur from a practical point of vieW. 

[0031] When a store operation (Write operation) is to be 
performed, the electrical nodes C and / C of the latch 15 are set 
to respective potentials. For example, the electrical node C 
may be set to 0V, and the electrical node /C may be set to 1.8 
V. Such settings re?ect the value of data stored in the latch 15, 
Which may be supplied from an external source. During this 
operation, the constant current source 14 is kept inactive. 
After the electrical nodes C and /C are set to the respective 
potentials as described above, the potential of the plate line 
PL is set to 5.0 V, for example. Further, the potential of the 
Word selecting line WLW is set to 1.8 V, for example. The 
potential of the Word selecting line WLW may be determined 
such as to maximiZe the effect of a hot-carrier phenomenon. 
At this point in time, the constant current source 14 still 
remains inactive, Without alloWing any passage of current. 
[0032] With the potential settings as described above, a 
voltage of 5.0 V betWeen the plate line PL and the electrical 
node C is applied betWeen the drain node and source node of 
the NMOS transistor 13. Because this bias voltage is larger 
than the voltage used in routine operations, the NMOS tran 
sistor 13 experiences a strong hot-carrier effect. Speci?cally, 
the application of the bias voltages for a duration of 1 milli 
second to 10 millisecond serves to generate a change in the 
characteristics that is substantially larger than the normal 
variation of the transistor characteristics. For example, the 
threshold voltage of the NMOS transistor 13 rises a feW 
hundreds of millivolts. In other Words, the channel resistance 
increases approximately 10 times. 
[0033] If the potentials of the electrical nodes C and /C are 
reversed, With C being set to 1.8 V and / C being set to 0 V, the 
NMOS transistor 13 is placed in a nonconductive state, and, 
thus, does not experience a hot-carrier effect. In this case, 
there is no lingering change in the transistor characteristics of 
the NMOS transistor 13. 
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[0034] The hot-carrier effect as described above leaves an 
irreversible lingering change in the transistor characteristics. 
The presence or absence of change in the characteristics of the 
NMOS transistor 13 thus achieves a nonvolatile data retention 
that re?ects the initial potential settings of the electrical nodes 
C and /C. 
[0035] During the operation to store nonvolatile data as 
described above, the high potential (5 .0 V) is never applied to 
the inverters 11 and 12. This is because the NMOS transistor 
13 serves as an intervening circuit element betWeen the plate 
line PL (5.0 V) and the node C. Because the Word selecting 
line WLW is set to 1.8 V, and the node C serves as a source 
node, the potentials at the node C cannot exceed 1.8 V minus 
the threshold voltage. In this con?guration, therefore, a hot 
carrier effect does not happen in the transistors used in the 
latch 15. All the MIS transistors used in the memory cell (i.e., 
the MIS transistor 13 serving as a memory cell transistor and 
the MIS transistors constituting the latch 15) may thus be 
properly designed to have the same structure With the same 
thickness of the gate oxide ?lm. 
[0036] When a recall operation (read operation) for recall 
ing (reading) data from the NMOS transistor 13 is to be 
performed, the latch 15 comprised of the inverters 11 and 12 
is initially placed in an electrically inactive state, and is then 
shifted to an electrically active state. This may be achieved by 
shifting the poWer supply voltage VDD applied to the invert 
ers 11 and 12 from 0 V to 1.8 V. The potentials of the Word 
selecting line WLW and the plate line PL are set to 1.8 V and 
0V, respectively, before the latch 15 is activated. The constant 
current source 14 is active in this case thereby to provide a 
proper amount of reference current. 

[0037] Consideration is ?rst given to a case in Which the 
NMOS transistor 13 has a lingering change in the character 
istics due to a hot-carrier effect (such as an increase in the 
threshold voltage or a decrease in the ON current). In this 
case, the force that pulls doWn the electrical node C is Weaker 
than the force that pulls doWn the electrical node /C based on 
the reference current. After the activation of the latch 15, 
therefore, the electrical node C is set to the HIGH level, and 
the electrical node /C is set to the LOW level. 

[0038] In a next case, the NMOS transistor 13 does not have 
a lingering change in the characteristics due to a hot-carrier 
effect. In this case, the force that pulls doWn the electrical 
node C is stronger than the force that pulls doWn the electrical 
node / C based on the reference current. After the activation of 
the latch 15, therefore, the electrical node C is set to the LOW 
level, and the electrical node /C is set to the HIGH level. 
[0039] In this manner, the con?guration shoWn in FIG. 1 
can detect and sense the data stored through a hot-carrier 
effect. It should be noted, hoWever, that the HIGH/LOW 
levels of the electrical nodes C and /C are reversed betWeen 
When the data is Written and When the data is read. Because of 
this, there is a need for a data reversal circuit to invert data 
either at the time of data Writing or at the time of data reading. 
Such a data reversal circuit may be implemented by use of an 
inverter. 
[0040] The above description has been directed to a case in 
Which the plate line PL is set to different potentials betWeen 
the store operation and the recall operation. Alternatively, the 
plate line PL may be set to a ?xed potential such as a ground 
potential during both the store operation and the recall opera 
tion. In such a case, the nodes C and /C need to be set to 5.0V 
and 0 V (or 0 V and 15 V), respectively, to perform a store 
operation causing a hot-carrier effect. This arrangement is 
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possible When the transistors constituting the inverters 11 and 
12 have a thicker gate oxide ?lm that ensures hot-carrier 
effect-free transistor operations even at high potentials. When 
data is stored in this manner, data reversal as previously 
described does not occur, and, thus, there is no need to pro 
vide a data reversal circuit. 

[0041] FIG. 2 is a cross-sectional vieW of the NMOS tran 
sistor 13 shoWn in FIG. 1. An N-type diffusion region 21 and 
an N-type diffusion region 22 are formed in a P-type substrate 
20 to serve as the source C and drain PL of a transistor. A gate 
electrode 23 is formed on the P-type substrate 20 at the 
position of a channel betWeen the source and the drain, With 
an insulating ?lm 24 (e.g., oxide ?lm) intervening betWeen 
the gate electrode 23 and the P-type substrate 20. SideWalls 25 
are disposed on the lateral faces of the gate electrode 23. 
[0042] The metallurgical junction 21A of the N-type diffu 
sion region 21 With the channel is de?ned as the area of actual 
contact betWeen a P-type semiconductor and an N-type semi 
conductor, and is characteriZed as the plane at Which concen 
tration of acceptors is the same as concentration of donors. By 
the same token, the metallurgical junction 22A of the N-type 
diffusion region 22 With the channel de?ned as the area of 
actual contact betWeen a P-type semiconductor and an N-type 
semiconductor, and is characterized as the plane at Which 
concentration of acceptors is the same as concentration of 
donors. As shoWn in FIG. 2, the metallurgical junction 21A 
and the metallurgical junction 22A are positioned under (im 
mediately beloW) the gate electrode 23. Namely, there is an 
overlap betWeen the gate electrode 23 and the N-type diffu 
sion region 21 When vieWed from above. There is also an 
overlap betWeen the gate electrode 23 and the N-type diffu 
sion region 22 When vieWed from above. Such a con?guration 
ensures that the threshold voltage of the transistor is rather 
stable against any manufacturing variations, as Will be 
described layer in detail. 
[0043] FIG. 3 is a cross-sectional vieW of the NMOS tran 
sistor 13 shoWn in FIG. 1 When the gate node is set to a 
potential for causing a hot-carrier effect. In FIG. 3, the source 
node C (i.e., the N-type diffusion region 21) is set to 0 V, and 
the drain node PL (i.e., the N-type diffusion region 22) is set 
to 5 V by the PL-line bias circuit 16. With these potential 
settings, the application of 1.8 V to the gate electrode 23 
causes hot carriers (Which are predominantly electrons) to be 
trapped mainly in the sideWall 25 over the N-type diffusion 
region 22 and also trapped in the oxide ?lm 24. 
[0044] The application of 5 V to the drain node PL (i.e., 
plate line PL in FIG. 1) as described above Widens a depletion 
layer 27 so that the depletion layer 27 extends further into the 
N-type diffusion region 22. An end 27A of the depletion layer 
27 inside the N-type diffusion region 22 is positioned under 
(immediately beloW) the sideWall 25 on the drain side. That is, 
the end point 27A up to Which the depletion layer 27 extends 
into the N-type diffusion region 22 near the surface of the 
F-type substrate 20 is situated under the sideWall 25 on the 
drain side. In other Words, the end 27A of a neutral region 28 
Where the carrier density is substantially equal to the doping 
density is positioned under the sideWall 25 on the drain side. 
The position of the point 27A corresponds to the position of 
the interface betWeen the depletion layer 27 and the neutral 
region 28, and also corresponds to the lateral boundary of the 
depletion layer 27. 
[0045] In a case of an NMOS transistor, hot electrons hav 
ing high-kinetic energy ?oWing through a transistor channel 
from the source to the drain cause impact ionization to occur 
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at the channel/drain junction to create electron-hole pairs. In 
FIG. 3, such impact ionization mainly occurs at the interface 
betWeen the depletion layer 27 and the neutral region 28. 
Because this interface is positioned immediately under the 
sideWall 25 on the drain side, hot carriers generated by the 
impact ioniZation are easily injected into the sideWall 25. This 
injection achieves a large, sustainable change in the transistor 
characteristics. 

[0046] FIG. 4 is a draWing shoWing manufacturing varia 
tions in the characteristics of a transistor in Which the metal 
lurgical junctions are not situated under the gate. In FIG. 4, 
the horiZontal axis represents the gate voltage (i,e., gate 
source voltage), and the vertical axis represents the drain 
current. Each curve in FIG. 4 corresponds to a particular 
transistor With nominally identical speci?cations. When there 
is no overlapping betWeen the gate electrode and the source 
region and betWeen the gate electrode and the drain region, 
the threshold voltage and drain current greatly vary as shoWn 
in FIG. 4. The cause of this variation can be explained as 
folloWs. When a proper voltage is applied to the gate elec 
trode, an inversion layer is formed as a conducting channel 
under (immediately beloW) the gate electrode. Where the gate 
electrode and the source region do not overlap, the source 
diffusion region is not in direct contact With this inversion 
layer channel. The gap betWeen the source diffusion region 
and the channel acts as a large resistance, Which varies 
depending on the siZe of the gap. When the siZe of the gap 
varies due to manufacturing variation, thus, the threshold 
voltage and the drain current greatly vary as shoWn in FIG. 4. 
The same also applies to the relationship betWeen the inver 
sion layer channel and the drain diffusion region. 
[0047] FIG. 5 is a draWing shoWing manufacturing varia 
tion in the characteristics of a transistor in Which the metal 
lurgical junctions are situated under the gate. In FIG. 5, the 
horizontal axis represents the gate voltage (i.e., gate-source 
voltage), and the vertical axis represents the drain current. 
When there is overlapping betWeen the gate electrode and the 
source region and betWeen the gate electrode and the drain 
region, the threshold voltage and drain current exhibit rela 
tively little variation as shoWn in FIG. 5. Each curve in FIG. 5 
corresponds to a particular transistor With nominally identical 
speci?cations. The reason Why there is little variation can be 
explained as folloWs. Where the gate electrode and the source 
region overlap each other, the source diffusion region is in 
direct contact With the inversion layer channel. There is thus 
no gap that acts as a large resistance betWeen the source 
diffusion region and the channel. Even When the boundary of 
the source diffusion region shifts due to manufacturing varia 
tion, thus, the threshold voltage and the drain current have 
rather constant characteristics as shoWn in FIG. 5. The same 
also applies to the relationship betWeen the inversion layer 
channel and the drain diffusion region. 
[0048] FIG. 6 is a draWing shoWing aprocess of performing 
ion implantation to create diffusion regions. In this example, 
ion implantation creates diffusion regions that do not overlap 
the gate electrode. A gate electrode 123 is ?rst formed on a 
P-type substrate 120, and, then, sideWalls 125 are formed on 
the P-type substrate 120 at the lateral faces of the gate elec 
trode 123. Ion implantation as illustrated by arroWs is then 
performed to create an N-type diffusion region 121 and an 
N-type diffusion region 122. In this ion implantation, both the 
gate electrode 123 and the sideWalls 125 are utiliZed as a 
mask, so that the N-type diffusion regions 121 and 122 are 
created outside the sideWalls 125. Subsequent heat treatment 
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causes thermal diffusion of the implanted ions, Which results 
in the spreading of the N-type diffusion regions 121 and 122. 
As a results the N-type diffusion regions 121 and 122 extend 
into areas under the sideWalls 125 as shoWn in FIG. 6. 
Because the ion implantation is performed after the forming 
of the sideWalls 125, the metallurgical junctions of the N-type 
diffusion regions 121 and 122 With the P-type substrate 120 
near its surface are situated outside the area under the gate 
electrode 123. 

[0049] FIG. 7 is a draWing shoWing a process of performing 
ion implantation to create diffusion regions for the transistor 
shoWn in FIG. 2. In this example, ion implantation creates 
diffusion regions that overlap the gate electrode. The gate 
electrode 123 is ?rst formed on the P-type substrate 20, and, 
then, ion implantation as illustrated by arroWs is performed to 
create an N-type diffusion region 21 and an N-type diffusion 
region 22 before forming sideWalls. In this ion implantation, 
only the gate electrode 23 is utiliZed as a mask, so that the 
N-type diffusion regions 21 and 22 are created just outside the 
gate electrode 23. Subsequent heat treatment causes thermal 
diffusion of the implanted ions, Which results in the spreading 
of the N-type diffusion regions 21 and 22. As a result, the 
N-type diffusion regions 21 and 22 extend into the area under 
the gate electrode 23 as shoWn in FIG. 7. Because ion implan 
tation is performed before the forming of the sideWalls 25 
shoWn in FIG. 2, the metallurgical junctions 21A and 22A of 
the N-type diffusion regions 21 and 22 With the P-type sub 
strate 20 near its surface are situated under (immediately 
beloW) the gate electrode 23. 
[0050] FIG. 8 is a block diagram shoWing the con?guration 
of a nonvolatile semiconductor memory device. A semicon 
ductor memory device 60 shoWn in FIG. 8 includes an input 
buffer 61, an output buffer 62, a column decoder 63, a Write 
ampli?er 64, a sense ampli?er & column selector 65, a mode 
selector 66, a roW decoder 67, a roW signal driver 68, and a 
memory cell array 69. The memory cell array 69 includes a 
plurality of memory cells arranged in matrix form, each 
memory cell corresponding to the NMOS transistor 13 shoWn 
in FIG. 1. The memory cells arranged in the same column are 
connected to the same bit line, and the memory cells arranged 
in the same roW are connected to the same Word selecting line 

WLW (see FIG. 1). 
[0051] In the semiconductor memory device 60, the mode 
selector 66 receives mode input signals from an exterior of the 
device, and decodes the mode input signals to determine an 
operation mode (e.g., a Write operation mode or a read opera 
tion mode). Control signals responsive to the determined 
operation mode are supplied to the Write ampli?er 64, the 
sense ampli?er & column selector 65, the roW signal driver 
68, etc., for control of the individual parts of the semiconduc 
tor memory device 60. The column decoder 63, the Write 
ampli?er 64, the sense ampli?er & column selector 65, the 
mode selector 66, the roW decoder 67, and the roW signal 
driver 68 serve as a control circuit to control a Write/read 

operation With respect to the memory cell array 69. 
[0052] The column decoder 63 receives a column address 
supplied from an external source situated outside the semi 
conductor memory device 60, and decodes the column 
address to determine a selected column. The decode signals 
indicative of the selected column are supplied to the Write 
ampli?er 64 and the sense ampli?er & column selector 65. 
The roW decoder 67 receives a roW address supplied from the 
external source, and decodes the roW address to determine a 
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selected roW. The decode signals indicative of the selected 
roW are supplied to the roW signal driver 68. 
[0053] Upon receiving the control signals from the mode 
selector 66 and the decode signals from the roW decoder 67, 
the roW signal driver 68 activates a selected Word selecting 
line and a selected plate line among the Word selecting lines 
and plate lines extending from the roW signal driver 68. In 
response to the control signals from the mode selector 66 and 
the decode signals from the column decoder 63, the sense 
ampli?er & column selector 65 couples a bit line correspond 
ing to the selected column to a data bus. Through this cou 
pling, data is transferred betWeen the memory cell array 69 
and the data bus. 
[0054] In the case of a read operation, the sense ampli?er & 
column selector 65 ampli?es data read from the memory cell 
array 69 for provision to the output buffer 62. The data is 
output from the output buffer 62 to outside the semiconductor 
memory device 60 as output data. In the case of a Write 
operation, input data supplied to the input buffer 61 from an 
external source is provided to the Write ampli?er 64. The 
Write ampli?er 64 ampli?es the input data to be Written to the 
memory cell array 69. 
[0055] FIG. 9 is an illustrative draWing shoWing connec 
tions betWeen memory cells and the Write ampli?er 64, the 
sense ampli?er & column selector 65, and the roW signal 
driver 68. In FIG. 9, the same elements as those ofFIG. 1 and 
FIG. 8 are referred to by the same numerals, and a description 
thereof Will be omitted. 
[0056] Bit lines BL extend from the Write ampli?er 64 and 
the sense ampli?er & column selector 65, and are coupled to 
the memory cells (i.e., the NMOS transistors 13). Further, a 
reference bit line RL extends from the Write ampli?er 64 and 
the sense ampli?er & column selector 65, and is coupled to 
constant current sources 14. The Word selecting lines WLW 
extend from the roW signal driver 68 to be coupled to the gates 
of the NMOS transistors 13. The plate lines PL also extend 
from the roW signal driver 68 to be connected to the source/ 
drain of the NMOS transistors 13. 
[0057] As Was described in connection With FIG. 1, the 
latch 15 is used for Writing and reading data to and from the 
NMOS transistor 13. The con?guration shoWn in FIG. 9 also 
utiliZes such latches. That is, latches, each corresponding to 
the latch 15, are provided in the Write ampli?er 64 and/or the 
sense ampli?er & column selector 65. Both a Write operation 
and a read operation may utiliZe a common latch 15. Alter 
natively, a latch 15 provided in the Write ampli?er 64 may be 
used When Writing data to a NMOS transistor 13, and another 
latch 15 provided in the sense ampli?er & column selector 65 
may be used When reading data. Switching betWeen these 
latches and the bit lines BL may be performed by transfer 
gates operating under the control of the mode selector 66. 
[0058] As previously described, a data reversal circuit for 
inverting data at the time of data Writing or at the time of data 
reading may be necessary. Such a data reversal circuit may be 
situated either in the Write ampli?er 64 to reverse data at the 
time of data Writing or in the sense ampli?er & column 
selector 65 to reverse data at the time of data reading. Such 
data reversal may be implemented simply by sWitching signal 
paths. 
[0059] When a data Write operation is performed, a selected 
bit line BL corresponding to a selected column carries Write 
data supplied from an external source. The roW signal driver 
68 sets a selected Word selecting line WLW to 1.8 V, and sets 
the remaining Word selecting lines WLW to 0 V. Further, the 
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roW signal driver 68 sets a selected plate line FL to 5.0 V, and 
sets the remaining plate lines FL to 0 V. This causes the 
NMOS transistor 13 on the selected roW at the selected col 
umn to experience a hot-carrier effect or not to experience a 
hot-carrier effect, depending on the value of the correspond 
ing data bit carried on the selected bit line BL. 
[0060] When a data read operation is performed, the roW 
signal driver 68 sets a selected Word selecting line WLW to 
1.8 V, and sets the remaining Word selecting lines WLW to 0 
V. All the plate lines FL are kept at 0 V in the data read 
operation. A selected bit line BL corresponding to a selected 
column is coupled to the latch 15 Which may be provided in 
the sense ampli?er & column selector 65. The reference bit 
line RBL is also coupled to this latch 15. The latch 15 senses 
the data stored in the NMOS transistor 13 on the selected roW 
at the selected column. In this operation, provision may be 
made such that one of the constant current sources 14 on the 
selected roW is set active While the remaining constant current 
sources 14 are set inactive. Alternatively, only one constant 
current source 14 may be provided, and may be used regard 
less of Which roW is selected. 
[0061] It should be noted that the above description has 
been directed to a case in Which a single bit corresponds to a 
single column. Alternatively, provision may be made such 
that a plurality of bits corresponds to a single column. In such 
a case, a plurality of bit lines may be coupled to respective 
latches 15, Which may also be coupled to respective constant 
current sources 14. Each latch 15 thus senses data of a corre 

sponding memory cell by use of a corresponding reference 
current. 

[0062] FIG. 10 is a cross-sectional vieW of a variation of the 
NMOS transistor 13 shoWn in FIG. 1. In FIG. 10, the same 
elements as those of FIG. 2 are referred to by the same 
numerals, and a description thereof Will be omitted. In the 
case of the NMOS transistor 13 shoWn in FIG. 2, each of the 
sideWalls 25 may have a monolithic structure made of such a 
material as silicon dioxide, for example. In FIG. 10, each of 
the sideWalls 25 may have a multilayer structure comprised of 
at least three ?lms of at least tWo different semiconductor 
materials. The multiplayer structure may include a silicon 
dioxide ?lm 25A, a silicon nitride ?lm 25B, and a silicon 
dioxide ?lm 25C. Such a three-layer structure shoWn in FIG. 
10 creates potential barriers having a dip in the middle With 
respect to electrons. Accordingly, the sideWalls 25 shoWn in 
FIG. 10 can easily trap a large amount of electrons in a short 
time. That is, the Write operation as previously described can 
be reliably completed in a short time period. Further, these 
sideWalls 25 can keep the electrons trapped therein for a long 
time. 
[0063] Further, the present invention is not limited to these 
embodiments, but various variations and modi?cations may 
be made Without departing from the scope of the present 
invention. 

What is claimed is: 
1. A memory circuit, comprising: 
a latch having a ?rst node and a second node to store data 

such that a logic level of the ?rst node is an inverse of a 
logic level of the second node; 

a HIS transistor having a gate node, a ?rst source/drain 
node, and a second source/drain node, the ?rst source/ 
drain node coupled to the ?rst node of the latch; and 

a control circuit con?gured to control the gate node and 
second source/drain node of the MIS transistor to make 
a lingering change in a threshold voltage of the MIS 



US 2010/0208518 A1 

transistor in a ?rst operation and to cause the latch in a 
second operation to store data responsive to Whether a 
lingering change in the threshold voltage is present, 

Wherein the MIS transistor includes: 
diffusion regions formed in a substrate; 
a gate electrode; and 
sideWalls, 
Wherein a metallurgical junction of each of the diffusion 

regions is positioned under the gate electrode, and a 
lateral boundary of a depletion layer in one of the diffu 
sion regions serving as a drain is positioned under a 
corresponding one of the sideWalls in the ?rst operation. 

2. The memory circuit as claimed in claim 1, Wherein each 
of the sideWalls has a multilayer structure. 

3. The memory circuit as claimed in claim 2, Wherein each 
of the sideWalls includes at least three ?lms of at least tWo 
different semiconductor materials. 

4. The memory circuit as claimed in claim 2, Wherein each 
of the sideWalls includes: 

a ?rst silicon dioxide ?lm; 
a silicon nitride ?lm; and 
a second silicon dioxide ?lm. 

Aug. 19,2010 

5. The memory circuit as claimed in claim 1, Wherein the 
control circuit is con?gured to cause the latch in the second 
operation to compare a drain current running through the MIS 
transistor With a reference current to store the data responsive 
to Whether a lingering change in the threshold voltage is 
present. 

6. The memory circuit as claimed in claim 1, Wherein 
Whether a lingering change is made in the threshold voltage of 
the MIS transistor in the ?rst operation depends on Whether 
the logic level of the ?rst node of the latch is a logical high or 
a logical loW during the ?rst operation. 

7. The memory circuit as claimed in claim 1, Wherein the 
lingering change made in the threshold voltage of the MIS 
transistor in the ?rst operation is made by a hot-carrier effect 
causing hot carriers to be trapped in said corresponding one of 
the sideWalls. 

8. The memory circuit as claimed in claim 7, Wherein the 
hot carriers are created by impact ioniZation occurring at the 
lateral boundary of the depletion layer in said one of the 
diffusion regions serving as the drain, 

* * * * * 


